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BATTONAL ADVISORY COIilflITmE FOR MRONAUTICS 

ADVANCE 7 RZTORT 

A COMPARISON AT RIGH SPEED QF TIE AZXODUnsBfXIC IYERITS 

By Eugene C. Draley 

hodels 01’ medfvm-bomber designs o f  the A r m y  A i r  
Forces, Materiel  Gomiand, were t e s t e d  Pn the NACA 
8 - f o o t  high-speed turmel t o  Inves t iga te  %he rela. t ive 
c h a r a c t e r f s t i c s  of‘ thickened wing r o o t s  WL th yro2el le r -  
s h a r t  f a f r f n g s  and wings with nacelf.es, The e f f e c t  of  
nace l le  v e r t f c a l  loca t lon  w a s  also inves t iga ted .  

IncrementaZ drag c m f f f c f e n t s  due t o  thickened wfng 
r o o t s  and 2-m -to propel ler- shaf t  fah5f.igs a re  presented 
through a Kat% number psyige up t o  0.70 a t  2 l i f t  coef- 
f i c f e n t  of 0.10, P 2-e s 8ui-e ,?le as w e  me n t s at each w f ng- 
fusef-ags junctxwa t e s t e d  a t  li’iIach nwslbeps up t o  about 
0.60 a r e  a l s o  Gresezted f o r  t3. l i f t  coefficie. i t  of  0.10. 

Increasfmg the thfcli-ness rat’io of a wing-fuselage 
junc’cu.re f rom 16.9 pepcsilt to 22.2 .1-;erceEt caused an 
fncrem-snt i n  a i r ~ 1 a n . e  drag c m f f ‘ f e l e n t  of  0,0005 a t  a 
X i a s h  number OP 0.60 anti caused  a reductfon in c r i t i c a l  
speed-. Wfth a wing-fuselage sec t ion  thickened the same 
amount but with the thickness r a t i o  he ld  the same by the 
us3 of fillets extendfng thc wing chord, t h i s  drag incre-  
ment w a s  reduced about 50 percent  and l a rge  increases  
i n  crft8ca.l  speed were obtained, Large nsce l l e  drags 
and 1 . o ~  crf‘cfcal  speeds were measured. w i t h  nace l les  fn 
a low p o s i t i o n  with respec t  t o  the wPn.g. Th8 desfgns 
with th.Ecken.ed wing r o o t s  and propel la r -shaf t  f a f r i n g s  
had i m p o r t a n t  improvements f n  both d ras  and c r P t f c a l  
speed as compared with the desEgns fncluding the more 
conventional engine-nacelle i n s t a l l a t i o n .  Wfth improper 
air i r l le t s ,   ow ow eve^, the probable gain may be n u l I f f f e d o  



2 

I n  the design of' inultfengine a i rp lanes ,  la rge  
savings h i  nacel le  drags am fndicated 5f engines 0% the 
same horsepower can be completely submerged i n  the wing 
o r  fuselzge and th@ propel le rs  can be dr iven through a 
drfve-shaf t arrangement with a small f a i r i n g  around the 
p rope l l e r  shaft.  The design mith the engines fn the 
fuselage would, however, e n t a f l  mechanical and arrange- 
ment d i f f i c u l t i e s ,  A compromise design would be one 
in whfch the engines a r e  comGletolgr submerged in tho 
wing roo t s ,  In very la rge  a i ~ p l a n e s ,  th i s  type of  
I n s t a l l a t i o n  may bo possLSle w i t h o u t  thTckenTng the wing 
roots but, f n  medfum-size a i r r l a n a s ,  thickening of the 
wing r o o t s  would be required t o  permit a s a t i s f a c t o r y  
engine f n s t a l l a t f m ,  Th'1.s problem becomes one of' 
determining the rnt r f t s  of thickened wing r o o t s  and 
propel ler- shaf t  fairings as compared w i t h  a conventional 
nace l le  Ens ta l la t ion .  

Dfscussfon of  this problem by representa t ives  of 
the Army Alr Forces 8n.a the Natfoncil Advisory C o ~ - f t t @ f 3  
f o r  Aeronautics l e d  t o  6 request  by the A r m y  A E r  Forces 
fop t e s t s  of models incorporating f ea tu res  that  woxld 
permit cornpartson of thfckened w,vPng r o o t s  w l t h  p w p e l l e r -  
shaft f a f r h g s  and wings with nqcs l les .  These models 
were accordingly constructed and t e s t e d  i n  the KJACA 
B-foot  hfgh-spead tunnel a t  the Langley Memorial 
Aeronautical Laboratory, T~!LS repor t  presents  ai? 
analysis o f  the most Important r e s u l t s  obtained i n  the 
inves t iga t fon  requested by the Army  A5.r Forces, 

Measursments of forces  were niacie at speeds corre-  
sgondfng t o  Mach nwlzbevls as hlgh as @.'?O, Rfeasurements 
of" wfng-fuselage juncture pressures were made a t  Xach 
limbers up t o  about 0.50. 

The t e s t s  were conducted i n  the %ACA 8- foo t  high- 
sneed tunnea. This tunnel i s  a s ingle- re turn ,  closed- 
thrloa-t type vtit'n a c i r c u l a r  cposs  s ec t fon .  The r e-  
sfdu-al a i h s t r ea in  turbulence Pg very l o w  but f s  somewhat 
g rea te r  thaiz t h a t  o f  free airo 

b 
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The models were proportioned t o  correspond t o  a 

7 
The wing t i p s  weTe not reproduced and a l l  the  nodel con- 
f i g u r a t i o n s  were so  mounted t h a t  the  wings completely 0 

0 
m spanned the  t e s t  s ec t ion  ( f i g s ,  Z t o  4 ) ;  the  wings passed ts through cut-outs Ln the tunnel w a l l s  t o  the  balance ring* 

--scale 1 model of  a rcediun-size, %wo-engine bomber design, 

Four wings were t e s t ed ,  Tach W.ng i s  designated 
by the  numerals of' the  XACA a t r f o i l  sec t ion  a t  o r  near 
the wing roo t .  The sym.tmtrical 001'7-34 wing and the 
cambered 450-217 wing were b a s h  wings repreRenting 
designs i n  whj-ch the wZng roo t s  were of the  usual  thick-  
ness ratlos. The s ~ i ~ e t r i c ~ l  0024-34 wing and the 
cambered 450-117 wing wex'e modifications of the  
0017454 wing nizd the  45042J.7 wing, respec t ive ly ,  i n  which 
the  wing roo t s  were tlibckened i n  order t o  permit 
submerged-engine installations a t  the  wjng roots .  (See 
r i g s ,  1 t o  4,) It shoulc?i be ylot,ec? that ,  because of the  
sharp thickness-ratio taper  o f  the  0024-34 wingt the  
th5.c;kncs.s r a t i o  of t h i s  wing a t  the fuse lags  junctu.re 
was 0,222. 

The 0017-34 wing had an NkCA 001744 r o o t  s ec t ion  
( a t  the  wfng ctenter l ir ie)  and tapered t o  an NACA 0013.1-34 
p r o f i l e  a t  the  tunnel walls,  This wing had 2.7' wash- 
out.  (See f i g .  1,) The ord ina tes  fora three sec t ions  
of  this  wfng a r e  presented i n  t a b l e  1. 

The 0024-34 'wing was i dan t l c a l  vvfth the 0017-34 wing 
outboard of a statlon 19.143 inches from the wing cen te r  
l f n e ,  Inboard 01' th i s  s t a t i o n ,  t he  absolute  thickness 
w a s  Increasec? l i n e a r l y  v i th  the r e s u l t  that  the  wing roo$ 
was an NACU 0024-34 a i r f o i l  sect ion.  The p lan  form and 
washout were unchanged. (See f i g ,  I and t a b l e  X.) 

The 450-217 wing had an NACA 450-217 r o o t  s ec t ion  
and an IJACA 4$0-(0.3)(13.1) section a t  the  tunnel w a l l ;  
th i s  wfng tlne.refore had the  same spanwlse thickness- rat io  
v a r i a t l o n  and the same plan form as the  0017-34 .InJing. 
The 450-217 wing had no geometrical washout but  the  
camber variation was s o  adjusted tb.at thhe l i f t  a t  each 
s e c t i o n  w o u l d  correspond t o  the values f o r  the 0017-34 
w l n g  a t  the  high-speed a t t i tude ,  
t a b l e  17.) 

(See f i g s ,  2 t o  4 and 

Tkie r o o t  sec t ion  of  the  450-217 wing was thickened 
t o  give the 450-117 wing, which had the Same absolute  
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thickness v a r i a t i o n  as the  OC24-34 wing. The chord near 
the fuselage of the  450-117 wing, however, was increased 
by f i l l e t b g  t o  reduce the thickness r a t i o  t o  11 percent.  
(%?e f i g .  1 anc? t a b l e  T I . )  T h i s  incyease i n  chord a l s o  
required a reduct ion of t he  camber f o r  the  increased- 
clioril sect ions  t o  r e t a i n  the same spanv4se l i f t  loading 
a t  the high-speed a t t i t u d e  as f o r  the  o ther  wings. 

a l l  configurat ions  included the fuselage shown 5.n f%g- 
ures  1 t o  4.  The fuselage was provided with a s e t  of 
removable blocks t o  accomiodate ir a rnl dwing p o s i t i o n  
each of' the  four wings. Thess bl.oc!-:s were arranged t o  
s e t  the  angle of' inctderice with : ~ e s p s c t  t o  the fuselage 
reference l i r e  a t  23 for the symmetrj.ca1 wings and a t  
f o r  the cambered wings The h o r f z m t a l  tall sixrfaces 
were omitted because these cornponenk? have no s i g n i f i c a n t  
e f f e c t ?  on the  problem under investlpation-,  

In  order t o  simulate fuselafre in te r ference  e f f e c t s ,  

The propel le r- shaf t  f'airint;s, represent ing a cover% 
f o r  the  p rope l l e r  shafts i n  ths subverged-enpine designs, 
were bodies of revolut ion ~72th the axis located 
19.143 inches from the wing cen te r  l i n e .  (See f i g s .  1 
and 3,) The anrle of  S.nc%dmce of the  propel le r- shaf t  
SairPngs was 0" with mspec t  t o  ,the f u s e l a p  reference 
l i n e  i n  all t e s t  conf f~ura tLons ,  

The nace l l e s  representing %he conventional engine- 
nace l l e  i n s t a l l a t i o n s  were e l l i p t i c a l  in cross sec t ion  
arid were 1.47 t ir ie? t he  wine chord i n  length.  (See 
f i g s .  2 and 4.)  Aztua.11y only one nace l le  shape w a s  
inves t fga ted  but  two s e t s  o f  nace l les  were t e s t ed .  
f i r s t  s e t  vras t e s t e d  In a midwing posj-tion: the nace l le  
center  l i n o  vras c o i n c t d e n ~  v r i t h  the wfng c l io~d ,  The 
second s e t  of nace l les  was t e s t e d  i n  a l o w  pos i t ion  s o  
arranged that the upper p r o f i l e  of the  nace l l e s  f a i r e d  
i n t o  the  w i n g  upper surface a t  the  poin t  o f  maximum 
thiokness . T h 5 ~  v e r t i c a l  displa.cement located the 
nace l l e  cen te r  l i n e  about 10 percent o f  ths wing chord 
below the  w k g  chord lTns, 

The 

The propel le r- shaf t  f a i r i n g s  wers t e s t e d  on the 
0017-34, the 0024-34 ( t k i c k e m d  0017-34), and the  
450-117 ( f l l l e t e d  450-217) wings. The nace l l e s  were 
t e s t e d  on only the 450-217 wf:qng. 
t ions  are! represented i n  f igu res  3 and 4. In  order t o  
evaluate  the c h a r a c t c r i s t f c s  of t h e  nace l les  and propel le r-  
s h a f t  f a i r i n g s ,  t e s t s  of' a la  the  wing-fuselage combinations 

AI1 t e s t  configura-  



5 

represented were made w i t h  and without the  nace l les  and 
propel le r- shaf t  f a i r i n p  , Eo t e s t s  were made w i t h  the 
p rope l l e r s  on the mode!. and no provisrions for engine- 
coolfng-air  flow were made for any ~ f '  the  rnodels tes te6 .  

Fome measu-rements were made through a range of 
Maoh number as hlgh as 0.70 a t  angles of  a t t a c k  covering 
l i f t  coe f f i c i en t s  p e a t e r  "can and less than 0,10, 
Pressure- dis t r ibut ion  reasurernent s for the  wing-fuselage 
juncture a r e  presented f o r  a s imi la r  range of angle of 
a t t ack  for Mach nuiabers as hS.gb as approximately 0.60. 
Preszure rneasurerients a t  the uvfnp-nacelle junctures were 
not made. 

Transj.tion was t l r e d  on a11 the t e s t  canf igurat ions  
1 
4 

by a --inch s t r i p  of  car3orundam qraPns shellacked t o  

the  surface of the models ( f i g s .  3 and 4 ) .  Trans i t ion  
was f ixed  a t  10 p e r c a t  of the  chord ox? b o t h  the upper 
and the 1 o w r  suxifaces of a11 wings anc! on the fuselage 
a t  a s t a t i o n  10 per.cer,t of the fuselage length behind the 
noseo On the  nace l l c3  and yropel le r -shaf t  fa iy ings ,  %he 
caFborundum s t r i p  w a s  l oca te6  at the  pI.ane of the  p ro-  
pellers. 

A l l  t he  data  presented h.eiqein a r c  i n  nondirnensianal 
form based on  free-strLari  dynamic pressure  

P mass c%nsity of' a i r ,  s lugs  p e r  cubic foot 

v free- stream velocity, f e e t  p e r  second 

The he rementa l  drag coefficients and l i f t  c o e f f i c i e n t s  
axle baged on a wing area  of 12,25 square f e e t .  A l l  .the 
data have been cyoss-plotted to obtafn  data  at a constant  
lift coef f i c i en t  of 0.10, T 5 e  w g l e  of a t t a c k  a i s  
measured f r o m  the  fuselage reference l f n e .  
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Hone of  the  r e s u l t s  herein  presented have been cor- 
r ec ted  f o r  tunnel-wall e f f e c t s  o r  Sixopancj e f f e c t s .  
Because o f  the  smallness of the I-rsdels, however, n e i t h e r  
of these cor rec t ions  t o  dmg o r  pressures  i s  large f o r  
the  complete models; t l e m  correc t ions  will be fns igni -  
f i c a n t  f o r  t he  propel le r- shaf t  fairings, u1acelLes, and- 
thickened wing r o o t s  t a d  therefore  wfll not af'i'ect con- 
parfsons of these components * 

In  o rde r  Lo evalEate t h e  e f f e c t  on drag of' thickening 
the 0017-34 uinp, the  d i f f e rences  bstweerl the drag coef- 
f i c l e n t  s f o r  tine vvinF-f XEI e l a p s  conf tgu.rat ion 1 v i  t h  the 
0017-34 wfng and w i t t n .  t h e  OC2-2-34 wing m r c  oStained. 
These d i f fe rences  a re  plct f ied in ff r e  5 8 s  incremental 
drag c o e f f i c i e n t  ACD aqai.nst P"ch Ember  M tit a li.ft 
c o e f f i c i e n t  Cr, of 0.10. Sfmllar ly ,  the e f f e c t  of 
thlclrening and f ' l l l ~ t 3 x i ~  w~1.s otjtainer? from the difference 
between the uvivig-fusef.aP;e confipurat ion with t:ie 450~217 
wing and with t?je 450-317 vJ2ng. Also included i n  fig- 
ure 5 a r e  the incremental draq czeff ' fcfents due t o  the  
propel le r- shaf t  f a f r b p s  teztec? on conf ' ip-iratioris shown 
i n  f i g u r e  3 .  These increments were obtalned R S  the d i f -  
f erence8 5n drag coel'f'ic-Lents with ar?d without the  
propeller-sklaft fa i r9r igs  for each of tke  three conf 2gtwa- 
t i o n s  invofv ing  the 0017-34 wing, the (3024-34 wSnp;, and 
the 450-117 wing. The imremcrltal drag cosff i c i e n t ?  thus 
obtained were 30 near ly  LGentrica.1 for each o f  the  th ree  
conf Igurat: ions  that t h e y  a r c  rep L essnted by 020 curve 
The Fncrenectal drag c o e f f i c i e n t s  f o r  the  nace l l e s  on 
the 450-211 winp  weye a l s o  obtaified from the d i f f e rences  
i n  drag c o e f f i c i e n t s  of the  t e s t  conf igura t ions  w i t h  and 
without the nace1l.es. 

In  evaluat ing the d.rag o f  8 submerged-engine I n s t a l -  
l a t i o n ,  bo th  tlift drag of the  propeller-shaft f a i r i n g s  
and thhs drag of the tlij.ckened v ing  r o o t  should be inclxikd. 
The incremental drag c o e f f i c i e n t s  dine t o  the tlikckened 
wing r o o t  of  the  0017-34 wing ( Y I P .  5) were thenefore 
added t o  the incremental drag coefficients of the  propeller- 
sbaft, fairings, The r e s u l t s  are p l o t t e d  i n  f i g w e  6 and 
a r e  sliown 9n t a b l e  IIT. The drag c a e f f i c l e n t s  chargeable 
t o  o. subrerged-enpine i n s t a l l a t i o n  with a f l l l e t s d  wing 
r o o t   ere s imi la r ly  obtafned by adding the incremental 
drag c o e f f i c i e n t s  sf the  thickened and f i l l e t e d  wing 
roo t  of the 4 5 0 4 1 7  wing t o  the incrsmental drag 
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coe f f i c i en t s  of the  p rope l le r- shaf t  f a i r i n g s  and ars pre-  
sented i n  f i gu re  6. Also included f o r  comparison a r e  
the Incremental clrag c o e f f i c i e n t s  o f  the midnacelles and 

0 low nace l les .  

1 In  order  t o  i l l w t r a t e  the  e f f e c t  on l i f t  of nace l l e  
m 
I.?\ 

c-l v e r t i c a l  locat ion,  f l g u r e  7 presents  l i f t  coe f f i c i en t  
p l o t t e d  aga lns i  angle of' a t t a c k  a t  a Prtach number o f  0.50 
f o r  the  450-217 wing and fuselage alone, with the  m I d 7  
nacelles,  and with the low nacell.es. 

Pr e s s upe -Di s t r i b  1d-b ion  Te s t s 

The r e s u l t s  of the pressa re  measurements at; 'che wing- 
fuselage jmictuyes of a l l  the configurat ions a r e  presented 
i n  f i g u r e  8 i n  terms of nresslxile coe f f i c i en t  P, where 

Local  s tx t i s  pressure -* -. Free - s t r em "-.--I.-- statlopressure p -"-"CIC--UC-r 

F m e Z T & i m  dgriamfc ' pres  sure  

Figuros 8 t a )  t o  O ( c )  a r e  repuerentatfve of the wing- 
fuselage corif fgiiratlons w i t h  t8%e propel ler- shaf t  f a l r i n g s  
because no rnesSi.xrab1e changes i n  the pressures over  the 
wing-fuselage j m c t u r e  ~ e ~ w  note2 when the propel ler-  
s h a f t  f a i r f n g s  were added. 

The peak p r e s s d m  coef ' f i c lmts  f o r  each of  the  con- 
f i g w a t i o m  represented In  f i g w e  E3 a r e  p l o t t e d  aga ins t  
Mach number in f i gu re  9. Each of' these va r i a t i ons  i s  
ext rapola ted t o  t h e  cr i t i .ca1  pressure coe f f i c i en t  Per, 
which i s  the p ~ e s s ~ . ~ ~ ~ ~  coe f f l c i en t  correpponding t:, the  
local speed o f  soand. in naictng ehese ext rapola t ions ,  
the general t r end  of the yressure -coef f ic i€n t  variatlon. 
w i t h  Mach number given by Temple and Yarwood ( r e f e r -  
ence I) and a few i so l a t ed  t e s t  pai i i ts  were used as a 
guide, The In t e r sec t ion  o f  the :peak pressure coeff i - ,  
c i e n t  w i t h  the  Pcr- l i n e  i s  tlnerefore the c r i t i c a l  speed 
o f  the cor i f igura t im.  (See t a b l e  3;Tf.)  

E f f ec t  of Thickening and F i l l e t i n g  

Increaslng the  thickness ratio of  the  0017-34 wing 
root frm 17 percent 'Go 24 percerit l e d  t o  an Incremental 

J 
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drag coeff iczent  of 0,0005 a t  a Mach number of  0,60 
( f f g ,  5 ) .  Only the root sec t ion  of the  0024-34 wing 
was 24-percent t n i c k  and t he  exposed sec t ion  a t  the 
wrng-fuselage juncture was conslderably l e s s ;  the  fncre- 
ment i n  drag therefore  represents  a charge irL thickness 
r a t i o  a t  the  wing-fuselage juncture from 16.9 percent t o  
22.2 percent.  

With f u r t h e r  ins reases  i n  Hach number, the r a t h e r  
sharp increases  In  drag c o e f f i c i e n t  a r e  undoubtedly due 
t o  the  e a r l y  onset  of se r lous  c m p r e s s i b i l i t y  e f f e c t s  
f o r  %he thickened wing. The c r i t i c a l  !.lash number was 
reduced from 0.71 t o  0,73 ( f i g .  9 ) .  This change in 
crpi t ical  speed i s  rather srnail f o ~  a c’iiange i.n thickness 
r a t i o  f rom 16.9 percent t o  22.2 psrceqt .  The spnntvlse 
th ickness- ra t io  t ape r  I s  unusually sharp, however, wi th  
the r e y u l t  t h a t  s i p n i f i c a n t  departures from an i d e a l  
two-dimensional f l o w  over these sec t ions  nus t  undoubt- 
ed ly  have occurmd,  

Such r e l a t i v c l y  small increases  i n  drag a t  sub- 
critical speeds and reductions f n  crf*,dcal speed which 
must be assoc ia ted  tlrit1,l the extrclne th lckncss- ra t io  
t ape r  eppear t o  :‘,.ndicatc that, i n  S L I C ~  desipns, the wing 
root m a y  be thickened with considerably smaller  d e t r i -  
mental effects tlmn would  at firqt; be estimated on the  
basis of two-dimensional assmpt5ons.  A t  increa3ed 
l i f t  c o e f f i c i e n t s  and “lach numbers, however, t he  drag 
may be consjdcrably increased- because o f  more ser ious  
compress ib i l i ty  e f f e c t s  leadfng t o  separat ion on the  
thickened por t ion  of the wing, It has been shown t h a t  
recent  FACA low-dyag a t r f o i l - s  w S t h  th2ckness r a t i o s  
much g r e a t e r  than 18 percent may be s m c e p t i b l e  t o  
increases  i n  drag due t o  separation ( re ference  2 ) .  
Although the favorable effect; of ma l1  spanwise f l o w  t h a t  
may be assoe la ted  w i t h ?  the high l o c a l  th ickness- ra t io  
t ape r  i s  indicated,  c a r c f u l  considerat ion and furkher 
inves t iga t ion  would be required be fo re  th is  e f f e c t  
could be f u l l y  r e a l i z e d  i n  a p a r t i c u l a r  design. 

‘cl;lith t3e same amoin t  of thickening but  tvi-th the wing- 
fuselage sec t ions  kept 17-percent th ick  by use o f  f i l l e t s ,  
the drag increment f o r  the  450-23.7 wing-fuselage sec t ion  
w i t h  f i l l e t s  is0.0302, which 2s about one-half the  value 
f o r  $he thfcl(;ened 0017-34 wing ( f i g .  5 ) .  The f ‘ l l l e t ing  
was not so extensive 8 s  i t  shou-ld have been, The  
thickening was s t a r t e d  a t  the  p rope l l e r r sha f t- fa i r ing  
s t a t i o n  and Increased inboard ( f ig ,  1). The f i l l e t i n g ,  
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however, was not extended outboard t o  the propel le r- shaf t  
f a i r i n g s .  The 1-esu1-k was t h a t  sec t ions  inmediately 
outboard of the  fillets were 19-percent thick.  These 
th icke r  sec t ions  probably l ead  t o  somewhat g r e a t e r  drag 

0 increments than would 1~esul.t if the f i l l e t i n g  were such 
h? that  a continuously decreasing th ickness- ra t io  taper  was 
1-5, maintained (Mach numSers above 0.60, f f g ,  5) 

The c r i t i c a l  speed of the  F i l l e t e 6  wing-fuselage 
juncture was the  highest  of the  t e s t  configurat lons ,  w i t h  
a c r i t l c a l  Mach number of 0.75* Th.is valtle represents  
an increase i n  c r i t i c a l  n4ach nuu.bPr from 0,11 t o  0.73 
due t o  the  e f f e c t  of the  f i l l e t s ,  even  though tine 
450-217 wing and the 450-117 wing had t h e  same thickness 
r a t i o .  This increase i n  c r i t i c a l  speed i s  1.argeI.y due 
t o  the  reduction i n  roo t  sec t ion  l i f t  coe f f i c i en t  for t he  
same over -a l l  l i f t  coe f f i c i en t s  permitted by the  addi- 
t i o n a l  wing area  of  the  f i l l e t s .  

rn 

Yacelles and Propeller-Shaft  Fa l r ings  

Although the drag tncrement of the  propel le r- shaf t  
f a i r i n g s  i s  only about 20 percent o f  the drag increment 
o f  the  midnacelles a t  a f.iIach number of 0.60, even g r e a t e r  
d i f fe rences  a r e  indica ted  a t  higher speeds as the drag 
of the  midnacelles i s  f u r t h e r  increased by compressi- 
b i l i t y  e f f e c t s .  It shau1.d be noted, however, t h a t  a t  
a Mach number of 0,60 t h e  drag coe f f i c i en t ,  based on 
f r o n t a l  area, o f  the  rnidnwe1.3.es i s  0,0262 as compared 
w i t h  0,0375 f o r  the  propel le r- shaf t  f a i r i n g s .  The drag 
c o e f f i c i e n t  o f  the mi&racelles t hw  is  of the  same order 
a s  that  f o r  the  propel le r- shaf t  f a i r i n g s .  The differ- 
ence i n  drag f o r ce  a t  s u b c r i t i c a l  speeds i s  almost 
e n t i r e l y  due t o  the d i f fe rence  In s i z e  of the two bodies. 

I n  .addition t o  the smaller  drag of' the  p r o p e l l e r -  
s h a f t  f a t r l n g s  r e s u l t i n g  fram the  sma2lexa skze as  com- 
pmed  Vfith the midnacelles the  propel le rkshaf t  f a i r i n g s  
l e d  t o  no changes i n  the c r i t i c a l  speed of' the wing- 
fuselage juncturest  whereas the  midnacelles l ed  t o  a 
reduct ion of approxinately 0.93 in c r i t i c a l  Mach number, 
(See fTg. 9 0 )  T h i s  d i f fe rence  corresponds t a  22. riiilas 
p e r  hour a t  an a l t i t u d e  of 25,000 f e e t .  

A f u r t h e r  reduct ion i n  the ove,yrall c r i t i c a l  speed 
of the  configuration can 'be expected from the nace l l e  
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in te r ference .  An indica t ion  of th3.s e f f e c t  i s  shown i n  
f igure  5 i n  which, f o r  the  midnacelle?, an appreciable 
increase of the  drag c o e f f i c i e n t  i s  evident a t  Mach 
numbers l e s s  than the c r i t i c a l  value f o r  the  wing-fuselage 
juncture. 

When the same nace l le  was kested f n  the low posi-  
t ion ,  the  nace l le  drag w a g  about doib7,ed a t  low speeds 
and increased even more a t  high speeds ( f i g .  5 ) .  Unpub- 
lbshed data from severa l  t e s t s  of  d i f f e r e n t  nace l les  i n  
a l o w  posiition have shown that ,  in this loca t ion ,  the 
naoel les  cause important f rxreases  i n  the  average local, 
v e l o c i t i e s  over the lower surface of t h e  wing-nacelle 
junctuyes. Such increases  i n  l o c a l  v e l o c i t i e s  l ead  t o  
increased pres  sure  - r e  covery grad5 en$s, which cause 8 cpa- 
r a t ion .  With increases  in.  speed, the separa t ion  Is 
f u r t h e r  aggravated by compresrfbf l l ty  e f f e c t s  ( see  
reference 3) and t h e m f o r e  can account f o r  the r i s e  i n  
the  drag coe f f i c i en t  with Flach number, 

A f u r t h e r  important effect;  of t he  low nace l l e s  i s  
the l a rge  l o s s  i n  l i f t  caused by the fncreased lower- 
surface v e l o c i t i e s ,  fit @he same angle of a t t ack ,  la rge  
reducttons i n  l i f t  coe f f i c i en t  a r e  noted f o r  t h e  con- 
f i g u r a t i o n  including the nace l l e s  In  the  low p o s i t i o n  
( f i g .  7 ) .  This change requ i res  an increase i n  angle 
of a t t a c k  of about lo t o  rnaintaln the same l ift  coef f i -  
c i e n t ,  whl.ch i s  the basis o f  coxparlson used i n  the 
present  inves t iga t ion .  Such a change leads t o  an 
i r r e g u l a r  spanwise l i f t  loading that requi res  more l i f t  
t o  be c a r r i e d  on the  wing r o o t  and t i p  sect lons .  Com- 
parisons of the  pressure  d is t r+ ibut lons  a t  the  wlng- 
fuselage juncture f o r  the 450-217 wing and fuselage and 
f o r  the  450-217 wing w i t h  fuselage and low nace l les  
ind ica te  t h a t ,  f o r  the  same over- a l l  wing lift c o e f f i -  
c i e n t ,  the  wing-fuselage juncture appears t o  be carrying 
a g r e a t e r  l i f t  load, p a r t i c u l a r l y  near the  leading edge, 
w i t h  the low-nacelle conf iguratfon ( P f g s ,  8 ( c )  and 8(f)) . 

Such e f f e c t s  w i l l  lead not only t o  increases  i n  
wing drag bu t  a l s o  t o  a reduct ion i n  c r i t i c a l  speed. 
The c r i t i c a l  Mach number of the  wing-fwelage juncture 
f o r  the  configuyation w i t h  the l o w  nace l l e s  i s  0.66 as 
compared with 0.71 for the wing-fuselage coabination 
alone and. 0.68 f o r  the  wing w i t h  fuselage and midnacelles. 
The nacel lea  i n  the low pos i t inn  therefore  lead t o  a 
reduct ion i n  c r i t i c a l  speed o f  35 mfles per  hour a t  
25,000 f e e t .  When compared wlth the reduation i n  
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c r f t f c a l  speed of 21 miles per hour f o r  the midnacelles, 
th is  value of cri t1ca.l  speed i n d i c a t e s  that a reductfon 
i n  c r f t i c a l  s m e d  of' 14 miles Fer hour i s  chargeable 
only t o  the loca t ton  of  the nacel le .  

K rn 
1-7 1 Comparixon o f  Submerged Engines and 

Eng5.ne-Xacells Combinations 

The s ubme r ge d-e ng ine c onf f gura .t; 3- o ns gene r 2.1 ly have 
consfderably lower drag and higher c r i t i c a l  speeds than 
the conventional angine-nacelle arrangements ( f i g .  6 and 
table  111). Although the confFgm-ation of the 0017-34 
wing w i t h  fuse lags  and gropel le r -shaf t  f a i r i n g s  has the 
lowest incremental drag coe f f i c i en t s  due t o  an engine 
i n s t a l l a t i o n ,  A ~ J - J  = 0.0003, such a design m a y  prove 
impracticable for medium-she a i rp lanes  because the 
engines would have t o  be i n  the fuselage and would in-  
volve mechanical and arrangement fomplLcations . The 
configurat ion th.at  has both low drag and the highesk 
c r i t i c a l  speed o f  the com.binations tested 9s the 
450-11'7 wing ( f  i l l e  ted  450-217) with propel ler- shaf t  
f a t r i n g s .  The incremental drag coeff f c fen t  chargeable 
to $he submerged-engfne insta1l .a t ion P s  only 0.0005 f o r  
thLs zonffguratron and f u r t h e r  reductions by more ex- 
tensive filleting are indicatee .  The wing-fuselage 
c r i t i c a l  Mach nun3or o f  tbfs  combination, moreover, is 
0.73 as compaz.ecl with 0.71 f b ~  t h e  001'7-34 wtng configu- 
r a t i o n .  The configuratkon o f  the 0024-34 wfng wSth 
fuselage and propel le r- shaf t  f a i r i n g s  has a soniewhat 
g r e a t e r  ir,cremental d rag  c o e f f f c i e n t  due t o  the subnisrged- 
engino i n s t a l l a t i o n  of 0,0008 a.nd a considerably lower 
c r l t i c a l  speed ( c r i t i c a l  Nach numSer TIcr = 0.70) than 
the f flle ted configuration, 

The incremental drag o f  the configurat ion of' the  
450-217 wing w i t h  fuselage and. midnacelles I s  lower 
than the incremental drag of  the configurations with the 
low nacel les .  Tine incremental dyag coeffic' isnt charge- 
able  t o  the engine i n s t a l l a t i o n  for t h i s  configurat ion 
is 0.0015 (fig. 6 ) ,  which i s  three t i n e s  the value f o r  
the submerged-engine conftguratfon with  f i l l e t i n g  
( t ab l e  III). 
as coinparcd with 3.73 Tor the f f l l e t e d  conffguratfon.  
Th fs  dt f fs rence  represents  a d i f fe rence  i n  speed of  
35 m i l e s  per hour a t  25,000 f e e t .  

The c r l t i c a l  Mach number i s  only 0.68 



The r e s u l t s  of t h i s  inves t iga t ion  r e l a t e  s o l e l y  t o  
the ex te rna l  flow over the wfngs and bodfes. Although 
S t  i s  fndfcated that wine roots thickened t o  house 
engine insta l l .a t%ons show advantage, the possible  gain 
could be n u l l i f i e d  by frtlpx'oper a i r - i n l e t  f n s t a l l a t f o n s .  
A considerable arnaunt of research may be necessary t o  
develop proper i n l e t s  in the swept-back p o r t i o n  o f  the 
wing Leadfng edge i r i  order to r e a l i z e  the probable 
advantage indicated.  

C OMCLUS I ON3 

The r e s u l t s  o f  tha  high.-spoed t e s t s  of '  models of 
inedfwn bombers have indica ted  the following ccnclusfans: 

1, Increasing the thickness r a t i o  of a wing- 
fuselage juncture f rom 16.9 percent t o  22.2 percent l a d  
t o  an increment 'in a i rp lane  drag coef'ficfent of 0.0005 
a t  a Mach nurnher of 0.60 and a reductfon in the c r i t i c a l  
Mach number from 0.71 t o  0.70, 

2. Thickening a wing-fuselage juncture bu t  mafn- 
ta fn ing  the same thickness yratfo by increasing the chord 
i n  the f o r m  o f  f f l l e t s  caused an increment In a i rp lane  
dyag coe f f i c i en t  of 0,0002 and l e d  t o  an Increase i n  
c r i t i c a l  Mach number f o r  the wing-fuselage juncture of  
from 0.71 t o  0.73. 

3, Large Increases  i n  nace l le  drag and reductions 
In c r i t i c a l  speed were measured when the nace l le  w a s  
'in a low poai t ion  w i t h  respect  t o  the wing. 

4. The submerged-englne desfgns had lower drag and 
higher c r f t fea l ,  speeds than the conventional engine- 
nacel le  Gesigns tes ted .  The bes t  engine-nacelle design 
caused an fncrement i n  a i rp lane  drag coe f f i c fen t ,  
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chargeable t o  t he  sngine-nacclle i n s t a l l a t i o n ,  that was 
about th ree  t i m e s  the  correspondf;ig value f o r  the best 
prac t fcable  submerged-engine destgr?,. A t  the same t i m e ,  

0 the c r f t i c a l  Each n m b e r  OS the wing-fuselage j unc tu re  
o\ P? of the engine-nacelle conf'igirration was 0.68 as corn- 

pared with the correspondhg value of 0,73 f o r  the 
submerged-enpine design. W'2tk: iimpropcr a i r  i n l e t s  , 
however, the probable Gains lrzalczted m s y  be nullif l e d .  
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Type of' engine 
i n s  ta l la  t ion  

En fuselage 
w f t h  long 
dr ive  shaft  
or with m- 

merged i n  
w 9 n g  of? large 
alrplane w i t h -  
o u t  thfcken- 
ing o f  wing 

gEne' Sub- 

Submerged i n  
khtckened 
wing r o o t  

Submerged dn 
thfckened and 
f Llle t sd  wfng 
roo t  

Conventional 
m i  dw f ng 
engine-nacelle 
i n s t a l l a t i o n  

Conventional 
low-w Sng 
engine -naceUc 
in s  t a  1 l a  t i o n  

?es t  
1 Q nS f gt7.r a t; f o n 

1017-34 wing 

%age and 
psopel ler  - 
shaft f a i r -  
ings 

~ f t h  f'uso- 

?hi c ke ne d 
0017-24 wLng 

vrlng) w i t h  
fuselage and 
p r o p e l l e r -  
s h a f t  f a i r i n g s  

(0024-34 

NlZ63Led 
450-217 wing 
(4!5OJ.17 wing) 
with fuselage 
and p rope l l e r -  
shaft faPr3ings 

1,5043.7 wfng 
with ruse-  
lage and mid- 
nace I l e  s 

L50-217 wing 
w f t h  fuse-  
lage and low 
nace 1 le s 

0,0003 

.OG0S 

a 0005 

.0015 

.OG45 

?Png-fuse lag€ 
: r f t f ca l  Mack 

numb 3 P 

0.71 

73 

'Values are incremental drag coaff ' fcients  for a11 corn- 
pomenbs given i n  test-ccmf tguratloxl column except 
fuselage and orfg%nal  wfng, 
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